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COMPUTATION OF SCATI'ERING AND R A D I A T I O N  FROM 
OPEN-ENDED WAVEGUIDES AND SMALL HORNS 
A. Frandsen 
Electromagnetics Institute, Technical University of Denmark 
Introduction. In spherical near-field (SNF) measurements as  wel l  as  
in paraboloidal reflector antenna systems, the conical horn and open 
waveguide antenna is an important part of the system, whether being 
used as  a  measuring probe or as  a  feeG element. In both cases the 
radiat ion and scattering properties of the horn are of in te res t .  
W i t h  a knowledge of the radiation pattern, the sphericalmodeexpan- 
sion coefficients, necessary FortheFrobe-correctedSNF-transforma- 
t ion,  can  be  evaluated [l]. Further,  aperture  illumination and 
pattern  of the  feed. A s  the theory behind the SNF-technique does 
efficiency of   ref lector  antennas are derived from the radiation 
not take multiple scattering between test-antenna and probe into 
.account, it i s  important to obtain a knowledge of the scattering 
properties,  as reflections from the probe could introduce errors. 
In reflector antennas,  scattering from the feed might be used t o  
study the effect of aperture blockage on the radiation pattern. 
'The objective of this paper i s  to present a numerical approach to  
the determination of the scat ter ing and radiation characterist ics 
of antennas, with special emphasis on rotat ional ly  symmetric s t ruc-  
tures. 
Theory. We consider an arbi t rary,  lossless  and reciprocal antenna, 
illuminated by an incident electromagnetic field. Defining the 
scat tered f ie ld  as  the difference between t h e   t o t a l   f i e l d  w i t h  the 
antenna present and the undisturbed incident field, it can be shown 
[Z] t h a t  the scat tered f ie ld  from an antenna with an arbitrary load 
impedance i s  given by 
Here TL and S are the load-reflection coefficient and antenna-re- 
f lection  coefgcient,   respectively.  (e,+) are  the  usual  spherical 
coordinates. The f i r s t  term on the right-hand-side is the re-radi- 
ated field,  i .e.  the field received by the antenna, reflected from 
the load and transmitted according to the radiation properties. The 
pattern of Es is therefore the radiation pattern of the antenna. 
The second tgrm i s  the scattered field when the antenna is  matched 
(r,=O) , i n  which case there i s  no re-radiation. This field (zs) may 
be considered to consist  of two contributions, namely the fie14 the 
antenna w i l l  s ca t t e r  i n  o rde r  t o  absorb power from the incident 
f ie ld ,  and a  f ie ld  due t o  unloaded currents on the antennastructure, 
i .e.  currents which do not couple power to the load, but radiate.  
I f  we-know ESC(r ,e,+) for three values of TL we are able to compute 
E s ( B , + )  andL E z ( B , $ )  , which i n  turn allows the determination of 
k&onPy encountered antenna characteristics. The basis for t h e  
calculations w i l l  be purely numerical and res t r ic ted  to  ro ta t iona l ly  
symmetric antennas, illuminated w i t h  an axially incident plane wave. 
In order to  so lve  eq. (1) for the three unknowns Sm, E:(B,+) and 
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E s ( e , @ )  we need three equations which can be obtained by varying r 
A s  the  moment-method computer program [3 ]  used to  ca lcu la te  
ESc ( r  , e , @ )  can only handle perfectly conducting bodies of revolution, 
this can be achieved by varying the posit ion of a short. Fig. lshows 
t h e  model for  the numerical  calculat ions.  
d L’ 
L 
X i s  the waveguide- 
wavelength 
Figure 1. Model used in  the  ca l cu la t ions .  
A s  a check on the accuracy of the  ca lcu la t ions ,  the  sca t te red  f ie ld  
ESc ( r  , e , $ )  is ca lcu la ted  for  four  d i f fe ren t  pos i t ions  of the  shor t  
(z1,..,z4, c f .  f i g .  l), thus enabling us to  solve 4 x ( 3  nonlinear 
eqs. with 3 unknowns) and get four independent solutions to the sane 
var iable .  Of course,   they  should  be  identical  so tha t  d i f fe rences  
a r e  a measure of the accuracy of  the calculat ions.  From the solu-  
t ion  it is now straightforward to calculate various antenna charac- 
t e r i s t i c s .  The on-axis  gain  can be shown t o  be 
L 
R . o  IES(e=o) I G = 4 . r r . - - . - .  1 
x l E i l  1 - ‘ s  12 
( 2 )  
00 
where R i s  the radius of the fer-field sphere.  The s c a t t e r i n g  cross 
-sect ion for  the matched antenna is  found from 
Results. Numerical calculations have been performed for an open 
c i r c u l a r  waveguide and a conical  horn.  Table I and I1 summarize 
some of t h e  r e s u l t s .  Where possible ,  comparison  with  available 
theoretical  and/or  experimental  data is  given. The numbers a r e  
the  mean-values  obtained from the  four  so lu t ions  to  ea .  (l), the  
standard-deviations  being i n  the  range 0.1 - 1%. A i s  Ene phys- 
i c a l  a r e a  o f  the aperture ,  i .e .  the  area within the’horn outer  
r i m .  
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12 dB 
half-beamwidth 
Gain I Soo I 'Jsc,m'Ap pol   . level  H-plane E-plane (mi) deg deg 
0.976 -26.4 74.2  81.4 0.134 8-47 This  work 
(dB) 
C51 I5 J 14 I Theory/ 
experiment - %0.14 %SO %72  -25 - 
Peak cross- 
Table I. Resul t s  for  open waveguide 
L = 2.51, r = 0.351. F = 0, a = 0 .  
This work 4.78 -21.4 47.6  37.8 0.026 12.92 
Table 11. Resul ts  for conical  horn 
L = 1.6X, r = 0.375X, F = 11, rr = 20 deg. 
Fig. 2 shows f u r t h e r  r e s u l t s  f o r  the horn i n  t a b l e  11. The four  
so lu t ions  (four curves on each plot!)  are seen to agree well ,  as 
the curves are  near ly  coincident  for a l l  &values.  Although  the 
cross-polar izat ion i s  d i f f i c u l t  t o  c a l c u l a t e  a c c u r a t e l y  i n  the 
main-beam, as it i s  the  d i f f e rence  between almost equal numbers, 
it i s  seen to be very well  behaved, indicating an accurate solu-  
t ion  of  eq .  (1). 
Conclusions. A numerical  technique to  predict  scat ter ing and 
rad ia t ion  from antennas i s  presented. The method allows the de-. 
t e rmina t ion  of  rad ia t ion  pa t te rns ,  an tenna  re f lec t ion  coef f ic ien t  
and sca t te r ing  wi th  an arb i t ra ry  load  impedance. The problems  of 
modelling feed-arrangement and load-impedance are avoided i n   t h i s  
method. 
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Figure 2. Resul ts  for t h e  horn i n  t a b l e  11. 
a. E-plane  amplitude  pattern (dB) 
b. E-plane  phase  pattern  (deg.) 
c .  E-plane s c a t t e r i n g   p a t t e r n  (rL=O) (dB) 
d. Cross-polarization  in $=45 deq.plane (dB) 
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